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[J0L«M] 

[-2.^1 . . . 

<^7H 7 flAl^ Ji^ 4-2 tf^Hr, (single input )4 ^ #^ 

(dual output) HHM NAND/NOR S.^* *}-g-*H ^3 «fl«: X0R/XN0R <3<4"§- 

^te, ^^■y ^IJ:^ 1M8€- Sit!- *1<3°1 #feth ^JI, A o V 7l 4-2 

±^7} #^#7fl S\JL, o]cfl Oj-S. tflJjL A] ^^7} #^^-7]! ZL 14, 5) 

£ 6 
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JL^r 4-2 < y-^7l{HIGH SPEED LOW POWER 4-2 COMPRESSOR} 

[51^ ^^1 

51 1^- 3-2 *>-g-*Rr, #efl 7l#ofl SRI 4-2 <#^7)9] ^if Jl°^7} 

£ 2^ f^Efl 7l^o]l sj^j. DPL 4-2 iL^^7l 2}S51; 

51 3^r 51 2<H1 5L^m ^^-efl°a ^#aH<£| #Afl s]5L51; 

£ 4fe ^efl 7l^oi] o^*l RIC 4-2 <y-3p7]^ ^2:1- Ji^y] 

51 5^ 51 4^1 51*1^! XOR/XNOR S^j^ #4 s)^5L; 

£ 6-& £ 4-2 °0-^7l<2} f2f Ji^^l 3 5.51; 

£ 7a^ £ 6^1 3EAl^ NAND/NOR ©l-g-^r XOR/XNOR 5*)^ -%M| 

51 7b^ £ 6<H] 51^ ^#-5fl ^ ^EH-aU^o) ^ 

51 8^: 4-2 ^^71 si]Soll tfltt 2.^1 ^ «r^# £-^7} ^ 3551; ZL&)JL 
5L 9 vfl^l 5L 11^ 51 8<Hl 51*1^ ^ ^ 51 2, 51 4 ^ 51 

6°fl 51 A] ^ 4-2 ^71^ ^l^Al^, ^51^3, =L$JL *]<£*\1}3}- ±3.^2) fofl cfl^ 

*51^ ^ja. ^f-g-ofl ^* 

52, 54 : NAND/NOR o]-§-^- XOR/XNOR 3.3 
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62-68 : ^l-SM 72, 74 : 
__ 82-86 100 :.. 4-2 .<&^7]. _ 

<15> M. ^ sj^^j ^ %0_g_ t # ^ ^3 o.^i=. §^7l6U A>-g-5)^ 4"2 

<16> -g-^£- ^-g- n>ol 3S£S.^1^ (general purpose microprocessors)^ ^-g- r^ij! 

-tlJl^B] 7] (special purpose digital signal processors)^ ^^J-g- ^ sfH- 

H^JLiiL, #^j7l^ r^- 7fl^ Jf£- ^ 7RV<5}-^ ^^-8: ^*3^, w}5. 

^-g-*r#^ m}^ 7l^#* ^*8«Rr c-llolEi ^El Al^Bfl^. j^sfl olr^. ojofl 

Hf^ ^^71^ 3.7)^ 71*1 JI 5a^, W ^H^l ^ iflofl ^ti^ ^oj- 

http://standards.ieee.org/' a>o]e6J|a1 r}£-SJ= ^ 'IEEE-754 Floating 

Point specification'* #2:^, ^^7lfe 54 tijeo] o^ofl ^ 

tVcf. o]^ t^s) og^^ofl tfltr ^-g- $)*H*1fe S\sL ^ 

o] 

<17> o]sq. ^ ^7l<3] Jl^:* 7fl^«>7l ^sflAi ^eflo] ^2. (array structures) 3t±± 
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Wallace He} ^(Wallace tree structure)* 7}*}^ &*&7]&o] 7fl^S|^cf. ofl^. s. 
<H, #"8 *r^S}^ -H^ °13H ^-^7] (fast array multiplier)^ ^-H 

^Iscl (Booth encoder), a} 7 r # J= E| (part ial -product summation tree ; PPST), 

zlz]jl ^ 7}^7]( final adder)S ^^^i=f. ^7^, ^Sfrfe PPST 

^ *l*H ^ *l*Ktotal multiplication delay)^ ^-^ -¥-£•-§: *>^1*M, rfl7fl 
7)^- >gs.>H 3-2 7 r £El(3-2 counter)^, ^ 7R>7] (ful 1 adder))3 4-2 <y-^7l(4-2 
compressor)* T^ltr Wallace ME|(Wallace treeHl 3*fl 3^4: , 3-2 7>£ 

E^ 4-2 ^71^] ^7fl7> ^-71 S4 ^71^ ^-fr ^Hr^Rr ^JS. ^7> ^Cf. o] 

# 4-2 « 4^-4 £4. 

£ l£- ^2fl 71^1 4-2 ^71(10)^ ^S* iL^^7] ^tr MvE°li=h £ 

^<H1 4-2 ^7l(10)fe, 1998k! 2^ 19^, Shen-Fu Hsiao- -f-^ 3*fl 

IEE( Institution of Electrical Engineer sH *\ ELECTRONICS LETTERS, Vol. 

34, No. 4, pp. 341-343 °fl fe-^r 'Design of high-speed low-power 3-2 counter and 

4-2 compressor for fast multipliers*^ £. 3a* tr ^ 0 1^. JE. 1# ^-2^>^, 3-7) 
o\ 4-2 «*HM(10)fe- 2 t&s] ^-t^i (multiplexer^} Jp 7 fl<q 3-2 7} 

-^(12, 14)* ^TflolJEL ^EflS. ^^Cf. 47flS] EflolEKll, 

12, 13, 14)7]- <ys|S^, *l) 121 3-2 7>&EKl2)fe ^-7) Zl\o)K\ & Afl 7fl^ EflolEiQl, 
12, 13)* ^>#^ #3 711 21 (carry ; Cout)4 ^"(S)# ^tr^r. A o v 7l #3 7fls) 
(Cout)^ ^ ^<H1 <^^^ 4-2 «a-^7l(TJV£Al^)s. t^SU, 121 3-2 7>£eK12)5. 
JfE] ^-(S)^r *f| 2^ 3-2 7>^E^(14)S. <^€^-. *fl 23 3-2 7 r £EUl4)fe *fl 1 

3 3-2 71-^(12)3-^ ^€ ^-(S)2f, <g cflolEi(l4), ZLE)JL # 
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4-2 ^7l(nl£Al^)s.-¥-El <S3 ^(Cm)* ?ti (Carry)2]- 

^-(Sum)# 3^ 1H83-4. ol^ &o] t 4-2 #^71 (10)fe 4 7fl<2} q ]o ]&\ 

(II, 12, 13, I4)» ^1-1-^ 2 7fl^ #§|(Carry, Sum) ^. ^^«f £S 4-2 «y-^7le)- 

^7lA^ aV 7 ] 4 _2 ^7l(10)^fe # 4^-21 ^M^r A>-g-£] d} , 1 ^^^^ 
*H>*1 dbJ8.£]^- *1<S a]^ i MUXe} ih nfl, ^ 4 MUX^ *1<S°1 1H)*M1 €4. 
<19> £ 2 *Hfe -8-71 4-2 ^^71(10)^1^ *1<3 #o] 7] ^tV 4-2 ^^7l 

(20)7> S.a]£M oicf. ZL&|ji, i 3°fl^- £ 2^1 JE^sl ^<g-efl<|3 ^e)#^U^ (21-25, 
27)5] ^M] s)S£7l- 3EAl^o] oicl-. £ 2<^1 £Al^ 4-2 ^71(20)^, Shen-Fu Hsiao 
^1 ^-7) fe^-<2] £ 3b» ^^14. J£ 2 ^ £ 3-g: ^-S^, 4-2 °^^7] 

(20)^ CMOS ^ 7)MJ=(CM0S transmission gate ; TG)5. sfl^-M ^l^Ei ^b) 

(pass-transistor multiplexer ; PTM)(21-25, 27)% °l-§-*lH *1<?1 
4 MUX^Ai 3 MUXS ^^Al^rf. ^ 4 _ 2 cg^ 7 ]( 2 o)°) ^Aj,g- ^-je] cf^-jz)- 

<20> S. 2<^1 51 a] 4-2 oj-^7l(20)^ 4 7fl^ OH^Ol, 12, 13, 14)^, ##£1 

om ?fls](Cin)# ^>*<^ ^ 7fl<^ ?flel(Cout, Carry)** ^-(Sum)^- zj-zf ^MgW. <>1 
4-2 ^71(20)^, ^-^(dual-raiDS. t^3<H -H^rilsL ^*rtr4. o]sq. ^-o. m. 
^-ir 7}t.]^ 4-2 ^711- DPL( double-pass transistor logic) 4-2 ^^71^ tr4. 

<2i> lie] 4, Aj-7] oj-^ 7l(2 o)^ *D l 3? *j| 2 i^=(Nl, N2)<HH °fl ^ 7fl°lH 

S ^£ Efl^-E^fl^^Ei ^E]#3Ho] ^o] ^Sflo) ^- 711 o]E ^7} 87fl7> £4. 

#<H, PM0S M^a|^e-|S] ^ «- 5.^ 7fl3flAl^^( internal load capacitance)^ 
Cgp, NM0S H^l^o} ^u. 7 ]]3flA)^^^ Cgn^ler f 1, ^ 1 lc2= (N1)°1M£| 
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vfl^ 3.= ^fl^WH^r 4Cgp + 4Cgn°l ^cf. n^r^S, ^1 2 i^E. (N2HH 21 ifl-f 5. 
3= ?1U4Wfi^fe 4Cgp + 4Cgn°l tH-^, 4-2 oj-^ 7 ](20)a] ^ ifl.JjL 5.= 7fl3flA] 

8Cgp + 8Cgn^l . o.^, PMOS e^a^o] a>o]^ NMOS e 

^ 2^o]B.S., 7fl2flAl^i j£t!r ^ 2Hfl7V ^cf. lCgp = 2Cgn7\ S\JL, 

4-2 <a-^7l(20)Sl g_E^ 7fl3fl^l€^l- NMOS M^x^E^ 7}^SLS- 

24Cgn°l ^cf. 

^ajr^o.^., afl^-E^^j^El (pass-transistor) 7]}°)^ ^^Rr 3J°1 <>r 

^2}-, source)^ ^liM: ^r^^CL^. *Vr4. , ^7} 4-2 ^71(20)^ 

£ 4^r SHH «>sq- DPL 4-2 <y-^7l (20)^1 7fl^dtF 4-2 7] 

(30)51 ^^g- il<^7l ^tr , Shen-Fu Hsiao f^l ^ #7l ^£-5} £ 3c 

1- 91-%-^ ^J°lc}. ^5L, £ 5^ £ 41 £^ X0R/XN0R 3*1(31, 32, 34, 36)^1 -tf 
M) 2\£.5L°)r)-. £ 4 ^ E 5t , 4-2 ^71(30)^ ^ 7]]o}^ ^-g- #o] 

7] 7flo]MS ^1-^1(33, 37)1- ?fl^(Cout, Carry)^| #^^1^> 

^^*>^J1, ^(Sum)* <2°]^7) ^*fl X0R/XN0R S-^Sr A}-^^. £ 3 
(N3) ^^14 i^EL(N4)# ^JUS, ^7) ^ = 1-(N3, N4)^ AA 3Cgp + 3Cgn^ tfl^ 
= tH^W^-I- ^bt}. irfef^, *J*flo1 S c 6Cgp + 6CgrH 5\JL, 

NMOS M^^l^E^l- 7l^o_3. ig^r^ # 18Cgn°l ^^f. £ 2^1 5^1 4-2 

°^7l(20)i4 al^r^, # 6Cgn^ ^ 5.= ^^di7} ^o) £tf. ^ 

7Hfe 4-2 ^71-t- RIC(reduced internal capacitance) 4-2 ^71^ *Vcf. 
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=L^, *H 3 £ *H 4 i^(N3, N4)^ ^ 7flo]Ejg. ^#^(33, 37)0) 

711 o]e n 2 -^ #€• X0R/XN0R 5,3(31, 32, 34, 36)^1 + Af-g-^ofl n}-e}- #tfl 

0} #d^7ll sjoj ^ X\#o) ±-8)2\ s. 2<>\] £^ DPL 4-2 ^^71(20) iLtf 

4^1, ^3 ^ *M^>7l Jfl*fi %<L5L, 

4-2 <a-^7l ^ofl ;gs}i=. S c 7fl3flAl^^l- as)^ ^o)jl, 4-2 ^7)7> *>*l*Rr ^ 

A o v ^tb w>^- 2£ ^*>7l ^tb £ ^-^Hl §^ 

7l» W 4-2 tf^fe, S»]«-S.^-Ei °J^5l^ 711 1 ^ 2 t-lHEi!- ^o^ojji, 

#7l ^11 1 <>m z\]o}&\o\] cHtb NAND <3^4, -#7l ^11 2 °^ cfl °) &\ ofl tfl^ NOR 
zl^\JL ^7} Tfl 1 ^ ^1 2 cllolE^l cfl^- X0R/XN0R ^r*S*}7l ^1 1 ^ 

3 2)5.21-, sq-^JfEi ^^£l^ 2)1 3 ^ 4 bJMeH tflt!: X0R/XN0R ^ 
s fi*>7l ^ 711 2 S3] 5^i4, ^"71 *11 1 S\^^ ^£}tt #71 NAND ^ 

al)-^ ^-71 NOR ^-t> SJ^ «>o>-i-o]jl i #7] 2fl 3 til-xjS} 

^ -il^S ^>1:^, ^ 1 ?flsl» ^^>7l fl^ ^#-efl<^ ^ ! 

# 7 1 ^11 1 S.^ 3^ X0R/XN0R ^4-* ^5) cllolE-15.7-1 «Vo>s.ol 
-H, ^7l 211 2 3.^ slS. 51 ^-71 X0R/XN0R ^ ^1^5. ^^o]^ ^-<^-efl 
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QJ *fl 2 ^Elf-SHS}., ^rjofl^ 7fl ^ ^ ^ ^ ^ 

^ 2 7flSl£- ^5^71 ^tb ^#"511^ «<H^I 3 H^aH, ZLE|JI ^71 <^ 

^5-&C, *fl 4 ^ AlJll- HM^S 

<27> 

<28> o]s> #^o)] tt)-^ -g*H* JE^ 51 6 tfl^] 11* f^^Cr) ^Afl#| ^ 

<29> ^. ^v^o^ Ai^-^j. 4 _2 ^71^, ^ (single input )-4 ^ #^(dual 

output) «<H]3] NAND/N0R 5.^* ^V-g-SH ^l^°fl cfltb X0R/XN0R <S*b§- =tWJEL 

S., ^^tl <t^* ^ *1<S°1 ^3^1 neU, ^-71 4-2 ^71^ ^ 

11-31^ ^ tfl^l «<H1^ A>-g-^>H.S, 7\}o]jz ^7]- 

^o]^y\] Z\j Li o]6\] 4= i^J=L 5L= ^sflAjlg^b #<H»4 ^4. ^ ^4, £ 

<30> £ 6-& ^ ^ofl ^tb 4-2 ^^71(100)^1 ^21 H^^7l ^tb zl^ 

JL, 5. 7aTr £. 6°fl S-^m NAND/N0R °l-§-*b X0R/XN0R >M 

<3i> £ ^<*H ^tb 4-2 ^^71(100)^, ^^&| ^^H)^- 

1 ^ *l] 2 ^ dlolEKll, I2H1 -g-#*lH #7) t\]o}&\(ll, I2H1 cfl^b NAND/N0R <£ 
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HA % XOR/XN0R ^4* A A #^*Kn, #71 NAND/NOR °l-§-*M 

4-§-£-°-^ #3 ?]iEi(Cout)t- i-Wfe *ii i 5)^.(110)^, si^-s-^-Ei <y ^S]^ 

4 3 9? *fl 4 ^3 cflolE-l(I3, 14) n ^ 4 1 £2] s]^(110)^Ei #^£l^r NAND/NOR 
# ^*H1 -§-#3H ^ ^IJL-fr ^ V ^s>^ 2 5^ 3^.(120)2}-, *fl 2 5*1 35(120) 

#33^ ^ ^ofl -§-#«iH ;d<EHH ^3 ?flel(Cin)^ «M 

C?^) ^ 5>^l- Sum) .2.5. ^^Rr ^1 3 5.*} s] 5(130), he|:ei 2 5. 

2] 3*1^(120)5^ #33^ ^ Aljrofl -§-#S)H ^cHH °J ^ £l 

^ ( C^ )i2 }. tiV^s] ^1 4 oj3j ^olE-K^) # ^ ^m. 7flE](Carry)5. 
IM^fe 4 3.*] s) 5(140)-!- 5.^-^4. 

#71 1 5*1 51^.(110)^, ^5.^ ^5}^ ^ 1 ^ *fl 2 <y=l tiHE](Il, 
12)* «>o|-s.ol3i ) <y^si ^olE^dl, I2)<H1 tfl^ NAND/NOR °1 NAND/NOR 

<?§# °l-§-*H X0R/XN0R ^-fr tHH^lfe l X0R/XN0R 5*1(52)2]-, # 

7l 1 X0R/XN0R 5*l(52).2.5.JfEi ^sq^ 1 ^ 2 tfl <>1 ( 1 1 , I2H tfl*l 

NAND ^ ^ NOR tflojEis wlofs-olji, w>^^ ^13^ 

eK 7 ^)* ^IJl5 ^fl-^, cf^- #£.5. #<N 7flE|(Cout)« iH^Kr 

^1 l ^El#HjAi( 6 2)l- Sf-tbcf. 
*ll 2 3.2) 35(120)^, ^5^ <im5\±r z\) 3 *\] 4 z\}o]t\(i 3t 14)* 

^oV*^, oj^^ t-)HEi(I3, 14 W cfltl X0R/XN0R 3]*fl NAND/NOR 5*]^g- °l-g- 

^ X0R/XN0R 5.*! (54)21-, l 3]5(110H ^wl£ ^ 1 X0R/XN0R 5.*! (52) 

^ ^3 3HE15.H tilof-i-ol ji, s& 7 } *\) 2 X0R/XN0R S.z) (54)^ a}h» a] 

J-5 ^1-s.ol^ ^<g-eflo^ « 0 vai^ 2 ^El#ajA-l(64)« S#th=h 2 ^El#^^ 
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(64)fe *H 2 X0R/XN0R S*](54)s] #§H -g-^Sfl^i *fl 1 XOR/XNOR 5-3(52)^ XOR/XNOR 
^ ^*r# ^3-2.3. t^l-JI, *fl 2 ^E]§^U^(64)» ^ #^£]^r ^>7l XOR/XNOR 
<gA> 4_2 ^71(100)^ ^-(Sum) ^ ?fl e) (Carry)* #^*>7l ^ ^liL^ 

<QA> — — 

*D 3 5. 3 2)5.(130)^, #<=HH °^£|^r <3 3 ?fls](Cin)^ w}^ ^(Cm 
)» ^1^5- 4 2 SlS(120)^] ^1 2 ^El§a]A^(64)^ # 

AjjrjL ^Vs.^, ^(Sum)-g: ^*Rr ^#-5fl<H y J"^ ^ 3 ^^^1(66) 



<35> 



zie^ji 4 5.2] 3^-(140)-b, 3i#<HH 7fl^( c '" w )^ 
4 ^ ^H^C 7 *)* tiHEiS «>^#^ ZL> ^-7] *fl 2 ^#91^(64)^ #^ 

# ^ a]^^ «>ofi-^ > ^fle] (Carry)* f3*Rr ^^-efl^ *ll 4 ^#^1 

(68)1- i^-W. 

<36> <*) 7 H, <^3^r 7fle|(Cin)^ *ll 4 HH^(I4)£r, 9imU72, 

74)1- ^ olxr ^#-efl^ y o v ^ ^^1-^^(66, 68HH ^J15. Sj-fe 

«>^i ^.g- 7£o]v\. ZLZ]JL, *fl 1 ^ *fl 4 ^#^1*1(62, 68)5.^ # 

?fle|«:(Cout, Carry)^ 3 ^ a-] (66)S^-e1 ^(Sum)^, 
^E|#eJ)Ai(62, 66, 68)^1 *^l-(82, 86, 84)^ **IH AA #^€^f 

<37> Higofl iAl^ ^-o], ^1-71 4-2 <?J-^7l (100)^1 NAND/N0R °1 

-g-tb XOR/XNOR 5.^(52, 54)°1 A>-g-^cf. o] X0R/XN0R 5.^1(52, 54)^ ^(single 
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input #3 (dual output) B o v ^* Aj-g-^H.^, #Ji3°l H^sW fltb 

£ ^41 Sltb 4-2 ^-^71(100)^ ^-efllHl 3$ ^3 ^ ^ ^ 7 >» 
^>7l ^sfl ^-^-efl^ ^lo} ^^^a,U^ A>-g-srl-s) , NAND/NOR S,z\4r XOR/XNOR 

(52, 54)^1 4i.2_^(source)5. Af-g^tf. . A o v 7l 4-2 ^^71(100)^, 

7flo]E^ ^Al7l^ ii=7> £ 2 52 £ 441 £*1€ 4-2 ^^711- (20, 30)^^ ¥ 7fl(Nl 
§3 N2, N3 §2 N4)# lc=(N5)^-£- |1S tb^. ^ 

34, ic=(N5)4|^^ TflolE 2Cgp + 2CgnSl ifl^ 5.3= #7fl 

sqji, oil- NM0S J= ^l^Bi* 7)^SL^ # 6Cgn<>l ^cf. o]^^ £. 241 

£ 4-2 ^#71 (20)4 «151*V^, %■ 18Cgn^] iflJf Tflsfl a] ^^7f #<>|€- £) ji, 

£. 441 -£^1€ 4-2 -?Hr 71(30)4 alJ2*>^, * 12Cgn^l ^ £H 7fl3fl a] ^7} #<H€- 

£ 7a» ^S^H, £. 641 S^l^ NAND/NOR 5.*} -8: °l-§-tb XOR/XNOR 3. 3 (52, 54) 
^1 #4Ji£ 4-§-4 ^cf. NAND/NOR •§- °l-g- tb XOR/XNOR S.z\^(52, 54) 4 

NAND 7\]o]E., NOR 7fl°l2=, NAND ^ NOR t!MJ=s] &&a]9]7] 4tt afl 1 g 

2 ^ItHB^dNVl, INV2), H^iJL ^l^B-l-i-(INVl, INV2)4 $ ^(full 

swing) Al7l7l 4tb PMOS S.^^l^Bi(MP3) ^ NMOS E. (MN3)» 3L^cf. 

NAND TflolE^ Sl«-5.«-E^l <y^£l^ *fl 1 ^)o}z]( a )M. uj-of-i-ol 7l ^|«V ^ i 

#44, »1 2 ^ #4* 5E.D"44, NOR Tflolje^ NAND 1 <B3 #4 

41 ^^SlcH 1 C^olE-Ka)* ^Ml: 0 l7l W *H 1 #44, ^^-S-^-El «g 

*H 2 t-flo}El(b)» ^41" °1 7l ^tb *fl 2 #4-1- 5. 
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*t^. NAND 7iMEo} ^ 2 lcN-fe NOR XMS°fl ^u]^ 2 

<40> NAND 7fl°]H<4 NOR 7)1o1eo| #^^(N11, N22H]^r ^ PM0S 

NM0S S^l^E^ ^5)^- XI 1 XI 2 ol^Bl-irdNVl, INV2)ol zj-z}- <g^^cf. 1 
<y^Ei(INVl)^ ^(Vdd)^ NOR -XMeoJ #3 #*}(N12) A >°H ^€5. ^ 

^>^^ ^-71 NAND XHJ=£| #^ofl ojsfl XH^ t1]o]m-I- 5fe 

PM0S S^^l^EKMPl) ^ NM0S M^1^(MN1)S ^€^f. XI 2 <ytH^(INV2) 

#7l NAND 7flo]Eo} ^ ^>(Nll)<4 3*1 ^(VSS) *>°H 333. ^^4^ ^ 
^€ ^ *^-2f # 7 J NOR Til o)^s>] XH3fe 7flo]E^ g±=. pmos S^U] 

^(MP2) ^ NM0S e ^^^E|(MN2)^ ^£4. 

<4i> ZLEjjl, #7] XI 1 3l XI 2 «y^El(INVl, INV2)^ #^<EKN21, N22)<*f)fe #7l XI 1 

^ X| 2 ^l^Ei(INVl, INV2)^ #^ ^lS17> # ^sqs-lj. ^7] ^t!" PMOS ^ NMOS S^E 
^]^Eil-(MP3, MN3H ^^mo_S-, <#7] PMOS M€^l^Ei(MP3)^- NOR XWe 

^ #^ ^>(N12)Sf XI 1 ^ltH^(INVl)^ #3 ^7>(N21)2f <^^^ ^ 

-2-^, ZL^Jl #7l XI 1 ^IJlUH XMsItt XMH-i- £fech zle]jl, NMOS 

M^£^l^Ei(MN3)^ NAND TlMHSj #^ ^>(N11)^ = efl^I, XI 2 ^ Ei ( INV2) 

^ <M ^>(N22)sf ^2-^, ZLE|J1 #7] PMOS M^fl^l^Ei(MP3)^ XHJ=°ll <£ 

^£)<X ^"71 XI 1 4jJL(a)°fl ^*fl X|<H3fe XHM» SHrCf. 

<42> ^-71 «4 n^-fr 7H^- NAND/N0R 5-^]* °l-g-^- X0R/XN0R 3.*] #(52, 54)^ & 
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<43> n}^, sq«-^.«-Ei if. 7 fl2l <y ^ ^UHrCll, 12 Hl^r 13, I4)(^, a, bH 

NAND/NOR 3.3* o]-g-t!r X0R/XN0R 3.*! #(52, 54) z^^M] NAND ?|]o]B 

sq- NOR 7flolHs.o. og^^ A)^f( ai h )d\] tfl^'NAND <S4M- NOR ^<+* ^ ^sj^cf. 
H3)jI, NAND TflolEs]. NOR TlH.^1-* -f-^fl NAND ^ NOR "S^ *)--§•* AA 

A 1 ^ *l) 2 «y^El-I-(INVl, INV2)S. 3-3- «a^€^-. 

<44> ^] l oit^E^(lNVl)^, NOR 7flo|;eo} ^ ^lS7> S-f 511 ^91 -^<?H1^ NAND XM 

EO] ^ ^1^1- ^^Al 71 JL, NOR TtiojEo} f>\o] Z]]^o] NAND Tfl 

o]M^ #^ ^]JLl- ZLcflS ^l^(a, bW Efl^ XNOR «^)^- 

ZL2]3L, 2 ^]tH^(INV2)^ NAND ^H^o) ^ ^1^17> *H ^°>ofl 
NOR 7flo};eo] ^ a] 5:1- tiV^Al 7l Jl, NAND »1 ^]Jl7> S-f efl^o] -^<# 

^ NOR XHH^ #3 ^UM- ^-cflS. f^fAS^I, <y^^ ^lS(a, bHl tfl^Jr XOR 

<45> ^.&|i4, *ll 1 ^^(INVlH NAND 7flo]E^. NOR 7\]°]^ %^ US. S-^f- 

7} S>o] i])^o] ( NAND TflolEo] ^ <93^* 1 ^BKINVI)^ V DD 

-VtnS] 7M^b #3 *M^4. ^r, »1 1 ^ltHEi(INVl)^ #3 ^}Jl^r # 

^3*1 ^1 1 < ytHEi(INVl)°fl NM0S M^^liE-l(MNl)^ ^efl^JE. 

(Vtn)^ is}#5)o] ol nj] ; ^ i o] (INVD3 NM0S ^ (MNl)S}- ^ 

IS. ^ is}^ PM0S M^^1^E : |(MP3)7> ^ ^ 5L)i, ^ £ ^ PM0S 

M^flxl>iEl(MP3)^l -§-*H Sl«fl>H ^"71 NAND/NOR S^t X0R/XN0R 3.^(52 

£fe 54)^ *}o) &(V DD )* ^nt}7\) ^t}. 
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<46> ZLZ)5L, z\] 2 ^liH^(INV2)oll 9X°]^\, NAND Tflolnaf NOR Tflojeo) ^ a]^ s_j= 

7} S-^- efl ^4-, NOR °]^«K8r *ll 2 _°1^eKINV2)^ Vtp£] 

#3* #^ ^llf ^^^cf. ^, ^1 2 <ywlEi(INV2)^ #^ a]s^ # i^s) 

*1 A] 2 <ywlEl(INV2)^] ^ a] si PMOS ^^l^iE|(MP2)^ ^(Vtp)^ 

^S)o] #^^4. ol nfl, 2 ^EiO!^)^ PMOS M^^l>iBl(MP2)^ 
<H ^H*]# ^ f>}^ NM0S e ^^i^ E -l(MN3)7|- H £ s\ZL, ^ £ ^ NMOS i=L ^fl ^] ^ E-i 
(MN3)S] -§-*Hl ^sfl^ ^7} N AND/NOR <>1 -g-^b XOR/XNOR 5*](52 54)-8r 

<4?> zi 1 ^ *)] 2 ^tijE-ldNVl, INV2)^ NAND tIHe ^ NOR Tll^lMtS ^ ^ 

3ir ^]^#(I1, 12 13, 14) (^r, a, bHl tfltt XNOR «^)^ XOR &(«®*)^r 

zj-z}- MJ-^l-sq, tl^E-KiNVl, INV2)<H1 ^-ti]^ e^^i^e^ = efl#= ^«g-ofl 31^ 

<48> cfA] £ ^S^, £ 7aQ ^-^S]^ -SMCIl, 12 S^r 13, 14) ( 

^, a, bH tfl^- XOR/XNOR ^4 ^JJf-i-(«®^/ «^)^ z}-z)- 2 ^#^(64)5 <^ 
^£H, ^ 2 ^E]#aH(64)# ^ CMOS ^S^CTO-M d^L^ ^c]e^ Af 
-g-^cf. zle]jl, NAND/NOR S.^\^r °l-§-^ *)1 1 XOR/XNOR 5.*K52HH ^r^€ NAND ^ 
NOR ^*Hir 1 ^El#ajA-l(62)^ ^ #^ 7fl&l(Cout)SAi Mj-^tK #7) 

*fl 2 ^^§^Ui(64)^ -*]Jl^r o]^ ^o.S«-B] ^5)^ <^ 7flE)(Cin)2j- ^1 

5. 7b<>l] ^ A] 3 ^ *1] 4 ^e^^H 

(66, 68)5. ^-(Sum)^ E)(Carry)-I- zj-z}- ^^c^ ^- 7 ) 4 _ 2 

^^71(100)^ q*g-& £ 2 ^ £ 4ofl ^efl^l 4-2 <a-^7l(20, 30)5+ ^ 
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olM tiling t\-^ Qt±. 

<49> £ 8^: 4-2 <&^7] tfltb 2-^ ^ 2L<>$^7) ^ tt S.3E.©1 t|r. £ 8 

# 'A'^ 'B'S. *}°H £ ^tb 4-2 ^71(100)^ #efl 

Si 4-2 #^71(20, 30)7> *<^cf. n^JL, 47fl^ v]x\^r ^-*|) <>m ^^(A, ^ 
^, 7 *)o] ol7>S]jl, 9j7}^ ^Ifoj) Cfltb * Sm/w , Carr y)o\ 2 7fl3] t^Sll- ^f-*fl 

^ ^^Cf. ^7^, £2] *J^ofl A>-g-£|^ 4-2 <&%?7}£\ #^ ^^H^r CI, C2Ef 
S i= 7flsflAlEi(C L )7> ^^H, ^71-i- Zj-Z^ *\<&*\1V, ^d^i£, He]Jl *1 

£*12s4 ^ ^2.2] §o] ^^ofl A>-g-5]^ 4-2 «a-^7l 2]^-^ 0.18^m 

CMOS aj-g-sq^, ^% ^<a-(V DD )A5.^ 1.8V7> A]~g-^cf. zi^Jl, ^l7>£]^ <a<3 

^^Hr^ 50MHz7> AV-g-sjo^ji, 7l o. 7 ]( slop )^ o.2ns°H, ^% £-2^ 25 M 4. 

<50> s. 9 ifl^l £ ll£r £ 8^1 S.^ J£% Qt§ sHl^-i £ 2, £. 4 ^ £ 

6«*H 2^ 4-2 ^71(20, 30, 100)2] ^Al^, ZL&)jl *1 ^a] ^ozj- ±£^d 

^o] ^oi] cHtl: 2^ ^ ^ i^-7l ifl^- S^ojt}. s^ofl 0 S S a]^ ZL 

2flS^ £ 2«fl 2^ DPL 4-2 SHr7](20H cH^r 22] ^Eftflji, ®5. S. 

a]^ ZLSflS^r 5. 4^1 £.a]^ RIC 4-2 ^71(30)^1 cfl*V £5] ^ M-eHIji, 
nelJL ©3. a^l^ ZLSflH.^ £ 6°fl 2^ ^ofl o)^. 4 _2 <g-^7l(100)<Hl cfltb 3L 

<5i> oIt^, £.9 ifl*l £ 11* ^S*}^, €■ 3tb 4-2 ^71(100)2] 

4i2^^, ZL^JL ^^AlTiS)- ^2*1^2] 3-2) ^ofl A>-g-^ ^Bflo] 4 _ 2 oj- 

^7l#(20, 30) iLtf tg^l ^ 33* q> ^ oioo], av^ofl <2}^ 4 _ 2 0^7) (100) 
DPL 4-2 ^^71(20), RIC 4-2 <&^7)(30)2) ^l^l?!, ^2^, ZL 
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<52> S^ofl ufE}\+ 5.°) ^ IS. M-Ej-ifl^_4^-Ji|- £4. [S 1]^ £ 2 ofl £ 

*1^ DPL 4-2 <a-^7l(20)2f £ 6°fl £ ^ofl 4 _ 2 oj.^ 7 ] (lOOH cfl^}- a.^ 

^ ^^oIjl, [S 2]^ £ 4ofl S.*]& Ric 4-2 <y-^7](30)^- £ 6«H £^1^ ^ 
ofl Sltb 4-2 Sh^l (100)41 tfl^- S.^1 ^ ^^ltf. [a i] ^ [s. 2W SH^, 1"JL 

o>oll £*Hf ^Hfl 7l#ofl 4-2 ^#71(20, 30)^1 ^ 71 §0.5. 3 

^(normalization)^: z}-z}- q-t^cj-. 

<53> [a i] 





DPL 4-2 <y^7| 


-S- ^|$b 4-2 <y-^7| | 


C L [pF] 


[ns] 


[0] 


[fJ] 


[ns] 


[0] 


*i<3*m 
[fj] ! 


0.02 


0.33 
(1.00) 


3.67 
(1.00) 


1.21 
(1.00) 


0.32 
(0.97) 


2.83 
(0.77) 


0.90 
(0.74) 


0.04 


0.38 
(1.00) 


4.73 
(1.00) 


1.80 
(1.00) 


0.37 
(0.97) 


3.38 
(0.71) 


1.25 
(0.69) 


0.06 


0.42 
(1.00) 


5.81 
(1.00) 


2.44 
(1.00) 


0.41 
(0.98) 


3.96 
(0.68) 


1.62 
(0.66) 


0.08 


0.46 
(1.00) 


6.91 
(1.00) 


3.18 
(1.00) 


0.45 
(0.98) 


4.52 
(0.65) 


2.03 - 
(0.64) 


0.10 


0.50 
(1.00) 


7.99 
(1.00) 


4.00 
(1.00) 


0.49 
(0.98) 


5.08 
(0.64) 


2.49 
(0.62) 



<55> [S. 2] 
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RIC 4-2 <#^7\ 


2)Q 4-2 <^7| 1 


C L [pF] 


[ns] 


[#] 


[fJ] 


[ns] 


[0] 


" [fJ] 


0.02 


0.37 
(1.00) 


3.91 
(1.00) 


1.45 
(1.00) 


0.32 
(0.86) 


2.83 
(0.72) 


0.90 
(0.62) 


0.04 


0.42 
(1.00) 


5.02 
(1.00) 


2.11 
(1.00) 


0.37 
(0.88) 


3.38 
(0.67) 


1.25 
(0.59) 


0.06 


0.46 
(1.00) 


6.14 
(1.00) 


2.82 
(1.00) 


0.41 
(0.89) 


3.96 
(0.64) 


1.62 
(0.57) 


0.08 


0.51 
(1.00) 


7.22 
(1.00) 


3.68 
(1.00) 


0.45 
(0.88) 


4.52 
(0.63) 


2.03 
(0.55) 


0.10 


0.55 
(1.00) 


8.28 
(1.00) 


4.55 ; 

d.oo) ! 


0.49 
(0.89) 


5.08 
(0.61) 


2.49 
(0.55) 



<57> [s. l]o\}*\ <£ ^ $X%°], ^ 4-2 ^-^71(100)^ DPL 4-2 <3"§r7l(20) 

^l^^-S., ^*$<*\) 3]t}- 4-2 ^71(100)^ DPL 4-2 ^^71(20)^1 ti]3H 2-3% 7fl-*i^ 
AlTisf, 23-36% 7fl^d^ ^.2.^1^ , ^LelJl 26-38% 7fl#^ ^l^*!^ 4iS.?I^S] 

^ 7^CK 

<58> ZLSlJl, [i 2]°1H 5t^°l , ^tl: 4-2 "^71(100)^ RIC 4-2 

^7l(30)<^l *l*ti 7flAj<g ^5L*dn, ^l^^l^ i£^J^S] -g- 7> 

^lcf. ^.^l^o.s. ( -g- ^d\) o\-&). 4-2 <y.^ 7l(100) ^. RIC 4 _2 (30)^1 

11-14% 7fl>9€ ^ a1#4, 28-39% 7fl^£l i£^d^, 38-45% 7fl^^ x)<£X\i}3\- 

<59> £ iSj-tgofl tr}-^ ^ ^ ^-7]^. ^tg ^ £ ^ofl tcj-e)- £ 

°1^7 <« *H Ir^H 7l#^ AKKg. c£ 
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£ e>\Z}&, 4-2 #£ 7 > f^J-SjJL, 4-2 °J"^7|7> *>*1 

^ ^ ^ ^ ±3.7} #±&z}. 
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1] 

4 7fl Si dlclEll- «>o> ^ 7H^1- ^s$f>}^ 4-2 0 ^7H1 oi<H^i: 

*)1 1 ^ 2 ^ ^H^H -g-#*)H # 7 ] c-flolE^l tfl*l NAND/NOR ^ ^ 

X0R/XN0R 3*HS #7l NAND/NOR <3# ^9 ol-g-^V^ ^^^.S. 

#<3 711 fill- ^^Rr 1 S3] 

*\] 3 ^ *ll 4 <^ cflolBl ^ #71 *fl 1 S3] slSS-^Ei #^S1^ #71 NAND/NOR 

<g# ^3j-ofl -g-#*lH ^ <£^Hr ^1 2 S3] slssf; 

#71 2 S3] S^^E) #^£l^ #71 Al^ofl -§-^^1 #i=HH ^ £| 

^ ^3 ^fil^ ti>^ <£3] ? flEl # <5}l4# # 7 1 ^ lg}-^Kr ^ 3 ^ 

3] 2] 5.; ZLfilZL 

#7l ^ 2 S3] ^JLiLJjLEi #33^ #71 ^ -g-^lW ^3 3 

#71 al3l€ ^ 711^^- *ll 4 nflolEl # #7l 7fl 

fil» t^Rr *\) 4 S^l S)S» S^-*Rr 3* ^K 1 £.S *>fe JH^ 4-2 ^71. 

2] 

*11 1 W &°H, 

#7l ^] 1 S3] i)S^r, 

^71 ^11^3 dlolElofl cfl^V NAND ^#3]-, #7] 2 ^H^l tfl*l- NOR <3 

#, zifilJl #71 NAND ^ NOR <3# °l-§-*}^ #7] *f| 1 3i all 2 <9 §1 OHeH 

cUth X0R/XN0R ^r*S*>7l *fl 1 X0R/XN0R S3] 3]S; zLfi]ji 
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#71 1 X0R/XN0R 3.3 iMgS)^- ^7} NAND NOR <3 

4? 4-2 

*H 1 %H1 5a°H, 

#7] 2 SjsL^, 

-#7] 3 <9 3 HHeH cfl*V NAND <3^4, *)1 4 «g ^ 3MeH tfl^V N 0R <g 

#7] NAND ^ NOR °]-g-*M #7] *]] 3 ^ *fl 4 efMeW 

tfltV X0R/XN0R <a^>* ^r^^>7l 2 X0R/XN0R 3.3 33; heIjI 

#7] 1 X0R/XN0R 5.2] s]3£) #7l X0R/XN0R ^^Hfr ( &^ «>o>s. 

o]j7, ^-71 Tfl 2 X0R/XN0R S^j 5)3^ ^7} X0R/XN0R ^liS ^^>>lr 

4-2 SMM. 
4] 

*fl 1 *M 9l°]*\, 

^■7} z\] 3 33 ij3^r, 
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4-2 ^71. 
[^n 2 -^- 5] 

^sHr 4 3L^-*Kr ^^^-5. ^ 7^ 

^ 4-2 ^^71. 

[3^8" 6] 

*f| 2 *J- JEE^r 3 ^1 ^U^i, 

#71 z^o} >j| i ^ >fl 2 X0R/XN0R 5.^] 3)3.^, 

^71 ^1 1 £E^ 3 ^3 ^IJL^I ^"71 NAND g^-fr ^*$*}7) NAND tIM^S}-, 

^-71 2 4 ^ ^IJl^ #71 NOR <3-tM- W NOR 7^1^, 

#7] NOR TllolE^ ^3} aJJt ^ #7l NAND TllolEo] Aljrofl -§-^-«fl^ # 7 1 

^ ^ A Jlt°l] 3m XN0R ^^^7] XN0R tt; ol^jl 

-#7} NOR Til o] ho} #^ Ajs: ^ #7] NAND 711 o] ho} #3 41Jl<H1 -g-^SIH # 7 ) 

^lSl-^1 cfl^- X0R ^"^^1-71 X0R i^-o-Kr ^-§r ^05. ^ 

7-1^^ 4-2 ^71. 



32-23 



1020000085542 2001/5/ 
. -211 6 1H1 &°H. f 

XNOR ^&£r, 

#7] NOR ^lo]E^ ^ x]^ 7 } ^ J ^Bfloi s-o_Hlfe -*M NAND TflojE^) ^ 

^ W_^Al7lJl, ^-71 NOR TflolEO} ^ X\SL7\ *fl 2 fee) -#Eflo] -£.o>6|l fe 

NAND 7)]ol E o] A} zicflS. #^*l-fe 1 , ZLeJjL 

^7} A] 1 #3* # ^^^1717) *fl 1 # ±q =^T=bg- i#*Rf % 

"s" ^8-2.3. S}fe Jl^ 7-^3 4-2 °J^7l . 
8] 

*l] 6 *M SXW, 
-#7l XOR 

#7] NAND TflolEo} ^ x\^ 7 } *\) 2 fee) -#Efl<y -g-^ofl^ ^-71 NOR 7fl°lS<a] ^ 
^ ^1^1- ^31*1 ?]JL, <#7] NAND TflolEo] ^ ^1Jl7|- ^ 1 feej ^-eflo] ^ofl^ a> 
7l NOR 7fl °] — £\ #^ ^Jl* ZLcfls. #^^>fe 2 ^^Ei , nejji 

^-7] 2 # i^Al7l7l ^11 2 f i^>fe 3 

^H)°-3. *>fe T^e] 4-2 . 

[^^J- 9] 

^-71 1 ol^E-lfe, 

^-^4 #7l NOR TflolEo] ^ cj 7 ]. a}o]c]} 3)^5. t$A$Q ^a. 
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#71 NAND tIMjeo} #§H1 o|5fl ^fl<H£)^. Tfloje^. e^u^e) ^ e 

M^-I- if-*Kr 3* ^ *\?m 4-2 

l^^g- 10] 

#71 ^1 1 f 

#7l ^ 1 ol^ol ^% #7l NOR TflolEo^ ^ ^ X[o]6\] 

#71 NAND tIMeoH AlJicHl aflo^^. *IH ^ E 

If5}^ 51* ^iL^. 4-2 ^71. 

111 

*ll 10 %H1 

#71 1 # 

#7l NOR TflolEo] ^ ^lS7> 2 ^£l #Bfl^ trfl i£ ^- $\o] J\) 1 ola^ 

^ #7l ^ ^ ^ol^- ^ f^O S 4-2 

71. 

i2] 

8 *<H1 A^H, 

#71 2 Sl^TT , 

^*1 #7l NAND TlME^ t£t\ *\°}o\] ^ -f- 

S.^ #7l NOR TflolEO} ^^oll ^H^l^ TflolE-i. p^ E^^ ^ M 

€*i^bi« s.^\^ 514=- T-mn 4-2 <a-^7i. 
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13] 

4 8 *<H1 StM^i, 

^-71 ^11 2 f 

^•71 2 ^l^E^ ^ ^Vsf ^-71 NAND TllolHo^ ^ ^ A>ojofl *J 
ff- #7l NAND 7floleofl <y^3fe Aj^ofl *lMs|fe ^ £i=. N ^ 

E^^^Eil- 3E.^}fe <5>fe JIL^ 4-2 °J-^7). 

[^J^ 1 ^ 14] 
13 

^•71 ^ 2 t ^#£r, 

^■71 NAND 7flo]E^ ^ A]317> ^1 1 fee] ^-Bfl^ nfl ^ ^- # 7 ] *)] 2 

E ^ ^7) 3*1 efltS. ^HJ °-JL *>fe 4-2 
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IS. 1] 



(Sen 7|«) 



Cout 



2] 



13 



10_ 



11 12 13 14 



21 



14- 



11 



22 



l2« 



3-2 



T 
12 



14- 



Cin 



3-2 ?t~gEM 



Carry Sum 



23 



2Q 



13- 
11 



N2 



N1 



Cln- 
14- 



25 Cin- 



27 

1^ 28 




Sum 

29 

j^o— Carry 



24 

d 26 




Cout 



32-27 



1020000085542 



IS. 3] 



c 

J_ 



a 
b 




— d 



— d 



[51 4] 



20. 




— Carry 



[51 5] 



5 




h 



a 



H 



H 



h 



H 



a©b 



52 



H 



a®b 
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IS. 6] 



100 
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[£ 7al 



[2. 7b] 



a- 
b- 



VDD 





VSS 



— d 
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8] 



14- 

Ta- 
li- 
IT"- 



[51 9] 



1 



4-2 



Cout 



B 



X 

T 

x 
I 



C1 



C2 



-£>o Sum 

-[>o Carry 
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[Si 



I 




20 



is. 



1 

X 

i 



40 



60 80 100 

Load [fF] 
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